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Introduction
A m otional investigation [1] on two related pairs of agonist-antagonist narcotic analgesics (morphine -nalorphine; oxymorphone -naloxone)* was pre viously carried out by using 13C NM R spin-lattice re laxation times measurem ents (T t) in D M SO -CDC13 solution. The dynamics of internal motions appeared consistent with a possible operation mode of the "tw o-state" m odel of opiate receptor proposed by Snyder [3] , In the light of such a suggestive working hypothesis, it seemed preliminary to draw precise conclusions, through conventional 'H NM R spec troscopy, on the conformations in aqueous medium of com pounds having narcotic agonist and/or antago nist activities. The high complexity of the spin-sys tems and severe overlap of resonances have made impossible until now detection of accurate spectral param eters suited for conform ational analysis of these molecules. The recent availability of spectro meters operating at very high field and more ad vanced techniques allowed us to initiate this work. In this paper we present a complete analysis of the proton spectra at 500 MHz of two "pure" antago nists, namely naloxone (1) and naltrexone (2)**. The spectral analysis was perform ed by the aid of twodimensional (2D ) hom onuclear shift spectroscopy. The determ ined conform ational characteristics of 1 and 2 were discussed in terms of a possible correla tion with their relative pharmacological potencies.
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Both time domains were processed using squared sine-bell windows.
The one dimensional proton spectra of 1 and 2 are shown in Figs. 1 and 2 Simulation of resonance patterns and refinem ent of spectral param eters was performed using the LA O C O O N III computer program [6 ] . Trial para meters for coupling constants were deduced from splitting patterns and, in some instances, after de coupling experiments. Centers of assigned m ultiplets were used as trial param eters for chemical shifts. Iterations were performed based on assignments of all the transitions observable. The calculated prob able errors for the param eter sets were usually less than 0.1 Hz; the RMS deviations for the calculated and experimental lines were routinely 0.1 Hz or less. The spectral param eters derived from the complete analysis of each spectrum are presented in Table I . and freeze dried. The deuterochloride was dissolved in 2H 20 to obtain 3 x 10-2 M solution. A trace of trimethylsilyl 2.2.3.3 2H 4 sodium propionate (TSP) was added as internal reference. The spectra were determ ined (3 2 x 2 10 data point) at 295 K on a Bruker WM 500 spectrom eter operating at 500.13 MHz. Further resolution enhancem ent was achieved by multiplication of the time domain by an optimized Lorentzian-Gaussian function.
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Shift correlations were obtained using COSY 45 [4] or single relay COSY [5] with 32 ms relay time. The l K x l K final matrices were obtained in both cases and are shown in the absolute value mode. 
Spectral analyis
N aloxone: Assignment of the H-5 signal (singlet, partially deuterated after heating at 60° for 24 h) is straightforw ard. The H-9 signal appears as a doublet centered at 3.73 ppm. Its identification is safely con firmed by evaluation of the contour plot level of COSY spectrum ( The identification of the resonances of protons that are part of methylen groups in 7 and 8 positions was first based on the total and partial deuteration occurring for H-7 and H -7', respectively, after heat ing at 60° ( < 8 h)*. The doublet of triplets due to H-7' appears as a triplet after H-7 exchange, while the multiplet lines are shifted due to isotopic effects. The observed splittings allow extraction o f/( 7 , 7') = 14.8 Hz, /( 7 ', 8 ) -/( 7 ', 8 ') -3 Hz values. C orre lated H -8 , H -8 ' resonances, that can be also detected through 'H -*H connectivities contained in the COSY spectrum (Fig. 3) , are located in the spectrum after deuteration of H-7 (triplet of doublets) that in
The exchange o f H-7 and H-7' nuclei was expectable because o f the m obilizing effect exerted by the carbonyl group bonded to C-7. 
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' ■ "I......... allylic (19, 19') proton resonances (<3 H-i9,h-i9' > < 5 h-i7.h-i7') was established on the basis of simple chemical shift considerations. Conversely, the re sults of subsequent spectral analysis confirmed such assignment on the basis of separate characteristic couplings of these nuclei to H-18 (see Table I ). To fully analyse the whole three-m ultiplets pattern, this was considered as arising from two com bined ABX spin systems, in which the H-18 to lower field can be treated as the X nucleus and the AB nuclei are, in turn, H-17, H - time, the remaining H-18 quadruplet pertinent to the other H-19, H -19', H-18 ABX-type system could be isolated. W hen considering this latter, the AB portion of the spectrum can be recognised as portion of a "deceptively simple" A BX spectrum [7] , in which four of the eight theoretically allowed transitions were not observable. The detection of small intensity signals was achieved by expanding sensitivity and width scale. This made the spectrum over-determ ined and therefore the exact analysis could be performed by iterative fitting procedure that produced an unique solution for param eters set and a simulated pattern in acceptable agreem ent with experim ental. The final refinem ent was made by iterating lines of the best trial spectrum closely reproducing the experim ental, obtained by using as trial param eters approxim ate coupling constants of literature for allyl protons [8 ] and chemical shifts values deduced by tentative approximations to the optimum distance between H-19 and H-19' reso nance frequencies.
The relative signs of coupling constants could be obtained by inspection of contours of the COSY 45 correlation map. As expected [4] , positive (V) and negative (2J ) couplings show reverse inclination of the corresponding cross peaks. This is shown in Fig. 3 and Fig. 4 for 1 and 2 , respectively.
Naltrexone: The spectrum is closely similar to that of naloxone, with the exception of the high field p o r tion corresponding to resonances of protons of the cyclopropyl group. The assignment is therefore straightforward for protons that are part of the fixed backbone similar to that of 1. However, with respect to the spectrum of 1 , the most striking feature shown by the naltrexone spectral pattern is the more marked difference between H-17 and H-17' reso nances causing partial overlap with H-10/3 and H-7 doublets, respectively. The quadruplet due to H-17 can be recognised owing to the characteristic splitting of the H-10/3 doublet [7(10 a, 10/3) -20 Hz] that therefore is picked out. All transition lines due to H-17' resonance can be isolated by total deuterium exchange of H-7.
The only task to accomplish is thus exact analysis of the spectral pattern arising from H-18, H-19, H -19', H-20, H -20', that can be dealt with as an A A 'B B 'C type system. The fine structure of com ponent multiplets is shown in Fig. 2 . Evaluation of contour plot levels (Fig. 4) made possible preliminary assignment of resonances due to protons cis (H-19, H-20) and trans (H -19', H -20') with respect to the correlated H-18. Refinem ent procedure gave coupling constant values that are in agreem ent with literature data [9] for cyclopropyl ring.
Discussion
The use of Karplus relationship [10] for '7(H ,H ) allows to interpret these spectral param eters in terms of conformation about C (9)-C(10), C (7)-C (8 ) and C (15)-C (16) bonds and, accordingly, to define the configuration of either C(5), C(6 ), C(7), C (8 ), C(13), C(14) and C(13), C(14), C(15), C(16), N, C(9) rings. The conformations about pertinent C -C bonds are presented as Newman projections in Fig. 5 .
The 7(9,10a) in both 1 and 2 fits the single possible conformation allowed by this fixed molecular por tion. The m easured 7's for protons bonded to C(15) and C(16) are compatible with both staggered forms A and B, corresponding to the chair and skew-boat conform ation, respectively, of the ring C(15), C(16), N, C(9), C(14), C(13). A choice can be however made in the favour of A , i. e. of the chair conformation (with N -R equatorial [2] ), because the relative orien tation of hydrogens in such a staggered arrangem ent is the only one apt to account for the observed lack of m agnetic equivalence between H-16 and H-16'. Cal culation of the angle for which is / calcd = 7exp gives for 1 and 2 an angle value that, more precisely, is related to a distorted-chair conformation of the ring. The rem aining ring also adopts the chair conformation in both 1 and 2 molecules. This is dem onstrated by the selected agreem ent of the inherent / 's values with the staggered form D , while the C one, that is related to a shew-boat conform ation, can be ruled out on the basis of the large disagreem ent between / ca)cd and 7exp values. The chemical shift difference between H-17 and H-17' is larger in 2 than in 1. This is of interest, in th at it can be interpreted essentially in terms of rela tive lower degree of internal rotational freedom of the methylenic fragm ent in the form er compound 2 , because the assumption of magnetic equivalence im plies that the energy difference between isomers is small. The substitution of N-methyl-cyclopropyl for N-methyl-allyl in naloxone yields naltrexone (2) in which the antagonistic properties are still increased. This appears in line with the hypothesis based on results of previous 1?C NMR relaxation times analy sis [1 ] , suggesting that the relative capabilities of molecules active as antagonists to evoke such a phar macological response increase with corresponding decrease of degree of internal motion of the N-alkyl group, namely in the order: nalorphine > naloxone > naltrexone.
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